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Abstract 
We measured the spatiotemporal surface charge distribution in a co-planar type alternating current plasma display panel 
driven by the ramp type reset waveform. The longitudinal electro optic modulation technique with BSO single crystal was 
used to measure the surface charge density. The result shows that the surface charge distributions on sustain and address 
electrodes after reset period are almost same independent of the initial conditions which are result from the sustain discharge 
at previous subfield. The result also shows that the discharge during the ramp type reset waveform is mainly occurred at near 
gap between sustain electrodes. During the ramp reset discharge. 
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1. Introduction 
Since a color plasma display panel (PDP) was introduced to the commercial market in 1990s, it had been 
regarded as a highly promising display device due to the merits of light weight, thin thickness of the system, easy 
fabrication and so on. Among several kinds of PDP, a co-planar type alternating current PDP (ac PDP) had been 
focused due to the advantages of longer life time, lower driving voltage, simpler manufacturing process and 
driving technique than others. The ac PDP was successfully launched at the consumer display market over 40 
inches of diagonal size and initiated the large size flat TV market. Although ac PDP is disappearing from the 
consumer market, it would be remembered as the frontier of the new generation display devices. 
One of the most widely used driving methods has been the ADS (Address and Display periods Separated) 
scheme which separates the address period from sustain period in a subfield. A reset period is usually introduced 
between subfields to initialize the wall voltage conditions, which guarantee the stable address and sustain 
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operation in the following period. And consequently a wide driving margin can be achieved [1]. Several different 
kinds of reset waveforms have been developed and used for obtaining the stable operation of an ac PDP, among 
which the ramp type reset waveform is thought to be the most attractive one due to its great ability of wall voltage 
control achieved by the positive resistance discharges during the reset period [2].  
Many research groups have studied the characteristics of the ramp type reset waveform to understand its 
physics and improve its performance using voltage domain analysis tools such as the voltage transfer curve (VTC) 
[3], the wall voltage input output curve (WVIO curve) and the threshold cell voltage curve (Vt close curve) [4][5]. 
These analysis tools could give wall voltage relations between electrodes, hence a good understanding of the wall 
voltage behaviors during the ramp reset period. But they cannot give information such as the surface charge 
distributions because they can tell only the wall voltage differences among electrodes. 
we reported that Pockels effect can be used to measure the surface charge density on the dielectric layer in a 
PDP cell [6]. Because the technique gives us the direct spatiotemporal information of the surface charge density 
without giving any disturbance to the discharge, it had been turned out to be very useful to understand the 
operation of ac PDP. In this work, we measured the spatiotemporal surface charge distribution on all of the 3 
electrodes during the whole driving period and analyzed to have a better understanding of the role of each 
electrode in co-planar type ac PDP cell. 
2. Experimental Setup 
Fig. 1 shows the schematic diagram of the spatiotemporal surface charge distribution measurement system 
using Pockels effect. It consists of a He-Ne laser, two polarizers, a λ/4 wave plate, two focusing lenses, a photo 
detector and a discharge chamber. A thin BSO single crystal coated with MgO protecting layer is placed on top 
of ITO (Indium Tin Oxide) transparent electrodes and when a surface discharge is generated, surface charges are 
deposited on the BSO crystal, which in turn generates electric field in the crystal. The optical birefringence 
produces a retardation ࢣ(x,y) of phase shift between two perpendicularly polarized electric field components of 
the light in the crystal. The relation between the retardation ࢣ (x,y) and the surface charge density σ(x,y) can be 
shown in the following equation [7-8].  
  
Fig. 1. Schematic diagram of the surface charge measurement system using Pockels effect 
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where λ, n0, r41, d, ߳଴ and ߳௥  are the wavelength of the probing light, the refractive index of the ordinary 
ray(=2.54), the Pockels constant of the BSO single crystal (=5×10-12 m/V), the thickness of the crystal, the 
permittivity of vacuum and the relative dielectric constant of BSO crystal respectively. 
When the measurement system shown in Fig. 1 is used with the PBS cube set at the angle of polarized axis to 
ƒp=0Ľ for the incident light and the fast axis of the Ɖ/4 wave plate set at the angle of ƒf =45Ľ, the transmittance 
of the system is given by following equation.[6] 
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where Io and Ii are the modulated and the maximum intensity of the transmitted light, V(x,y) is the distributed 
voltage across the BSO crystal given by the relation V(x,y)=E(x,y)d and Vπ is the half-wave voltage of the BSO 
crystal given by 
గܸ ൌ  ఒଶ௡೚యఊరభ                                                                  (3) 
The transmittance curve of the system is depicted in Fig. 2. If the surface charge density is zero, then the 
voltage is zero and the transmittance is 50%. If positive surface charges are accumulated on the BSO crystal, 
then the voltage is positive hence the transmittance is over the 50% and vice versa for the negative surface charges. 
Therefore, not only the sign of the surface charge but also its magnitude can be measured in this configuration. 
 
Fig. 3 (a) and (b) show the cross-sectional view of the discharge cell for measuring the surface charge 
distribution on the sustain electrodes and address electrode each other. In Fig. 3 (a), two transparent sustain 
Fig. 2. Transmittance characteristic of the surface charge measurement system 
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electrodes made from ITO (Indium Tin Oxide) run parallel to each other on the glass substrate with a gap of 320
ห. A 120ห thick BSO single crystal coated with MgO is put on top of the electrodes to. On the other substrate, 
there are a transparent address electrode, 40ห thick transparent dielectric layer and barrier ribs of 480ห height 
which are formed by screen printing method to define the discharge volume. On the other hand, In Fig. 3 (b), a 
BSO single crystal is put on top of the address electrode and 40ห thick transparent dielectric layer is formed on 
the other substrate. Because the thickness of BSO crystal is 4 times thicker than that of the typical dielectric layer 
in the conventional co-planar discharge type PDP cell, the dimensions of measurement cell are 4 times larger and 
the gas pressure is 4 times smaller than those typical values. 
 
Fig. 4 shows the driving waveform of measurement. The waveform are divided to 5 periods of ramp erase 
(ɂA ), ramp up (ɂB ), ramp down (ɂC ), address (ɂD ) and sustain (ɂE ) according to the time. Vx, Vy and Va mean 
the voltages of sustain electrodes (X and Y electrode) and address electrode each other. The rising speeds of the 
erase and the ramp waveform are both 0.4V/โ and the falling speed is -0.3V/โ. The voltage at ramp top is 400V 
and the X electrode is biased at 230V during ramp down and address periods. After address period, sustain 
waveform of 200V at a frequency of 50kHz is applied between X and Y electrodes.  
 
Fig. 5 (b) shows the temporal variations of the surface charge densities at several measurement points which 
are indicated in Fig. 5 (a). The two sustain and address electrodes are described as X, Y and A electrode 
Fig. 4. Voltage waveforms for measurement of the surface charge distribution composed of ramp erase (ɂA ), ramp up (ɂB ), ramp 
down (ɂC ), address (ɂD ) and sustain (ɂE ) periods 
Fig. 3. Surface charge measurement samples over the sustain electrodes (a) and over the address electrode (b) 
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respectively. The applied waveforms are also shown in the figure (b). Two points on each electrode were used to 
measure the temporal characteristic of the surface charge to observe the differences on the same electrode. 
 
At t=0ms, positive surface charges are on the X and A electrode and negative ones are on the Y electrode 
resulting from the sustain discharge in the previous subfield. As the voltage of the X electrode increases (Ramp 
erase), the surface charge densities on the X and Y electrode decrease slowly initially and it is observed that the 
rates increase suddenly from t=0.3ms. It is thought that the former slow decay before 0.3ms is due to the leakage 
of surface charges[9] along the MgO surface and the latter decay after 0.3ms is caused by the discharge between 
X and Y electrodes. It is observed that the surface charge density near discharge gap on the sustain electrodes 
(point (D) and (E)) decreases to almost zero level after the ramp erase period, but the surface charge densities at 
the outer side (point (C) and (F)) do not change from initial values, which means that the discharge between the 
X and Y electrode during the ramp erase period occurred mainly near the discharge gap, and the discharge does 
not spread to the outside of the electrode. Therefore, the surface charges on the outer side of the electrodes cannot 
be erased by the ramp erase waveform.  
It is also observed the positive surface charge density on the address electrode above the X electrode (point 
(A)) decreases during the ramp erase period, though it is not above the Y electrode (point (B)), which is because 
that the electric field over the X electrode is higher than that over the Y electrode. This result also implies that 
(a) 
(b) 
Fig. 5. Temporal variations of surface charge densities (b) at the several fixed points shown in (a) 
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the surface charge density on the address electrode is not uniform and changes differently according to the 
locations whether they face X or Y electrode.  
During the ramp up period (from t=0.6ms to 1.0ms), large amount of negative surface charges accumulate on 
the Y electrode and positive ones on the part of A electrode above the Y electrode, and relatively negligible 
variation of surface charges at other parts of electrodes. It is also observed that the negative surface charge on 
the Y electrode increases stepwise, which is not shown in other period like the ramp erase and ramp down ones. 
The stepped increase of surface charge comes from the continuation of multiple small discharges, which could 
be also confirmed from the light emission measurement.  
During the ramp down period (from t=1.0ms to 1.8ms), the positive and negative surface charges on the A 
and Y electrode decrease and negative surface charges accumulate on the X electrode. As a result, negative 
surface charges are left on the X and Y electrode and positive surface charges on the A electrode at the end of 
the ramp down period. 
The final surface charge state makes the wall voltage between X and Y electrode to be small so that the sustain 
discharge does not occur without address discharge in the following subfield and the wall voltage between the A 
and Y electrode high enough to be able to ignite address discharge with a relatively small address voltage. 
When an address pulse is applied at t=1.9msec, the address discharge occurs between the A and Y electrode. 
Therefore negative surface charge on the Y electrode is reversed to the positive one but the positive surface 
charge on the A electrode is not reversed to negative one but only removed. The interesting feature is that the 
negative surface charge on the X electrode increases very much by the address discharge, which means that the 
X electrode participates in the discharge as an anode as with the A electrode do due to the highly biased voltage 
level. Consequently, it seems that the address discharge involves all the 3 electrodes and first triggered between 
the A and Y electrode and then transferred to the X electrode. 
During the following sustain period, the sustain discharge occurs between X and Y electrode. On the A 
electrode, positive surface charge accumulates and saturates after several sustain discharges.  
Fig. 6 shows the 1-dimensional surface charge distributions along the center between the barrier ribs. In each 
period, the distributions measured at several different instances were selected to feature the dynamic 
characteristics of surface charge variation.  
Fig. 6 (a) shows the variation of surface charge distribution during the ramp erase period. The initial state is 
the result from the final sustain discharge of the previous subfield. The distribution shows that much more 
negative surface charges are on the Y electrode than the positive surface charges on the X electrode. The 
unbalanced positive charges are on the A electrode because that the A electrode is biased at the ground level 
during the sustain period.  
At t=0.4msec, the surface charge density on the X and Y electrodes near the discharge gap change much more 
rapidly than those on the outer side do accompanying increase of positive surface charge on the A electrode over 
there. After the erase period (t=0.55msec), the surface charges on the whole X electrode is almost removed, while 
the negative ones on the Y electrode do not especially on the outer side. The surface charge distribution on the A 
electrode above the X electrode changes much more than that above the Y electrode does. 
From the results, it is thought that the discharge during ramp erase period mainly occurs near the discharge 
gap between the sustain electrodes and over the address electrode facing the X electrode. It is also thought that 
the outer side of the Y electrode and the A electrode above Y electrode do not take part in the discharge. This is 
because that the voltage of X electrode is higher than those of other electrodes during the discharge, hence the 
electric field intensity in the discharge volume over the X electrode is much higher than that over the Y electrode. 
Fig. 6 (b) shows the variation of surface charge distribution during the ramp up period. Similar to the case of 
ramp erase period, the surface charge start to change near the discharge gap. But in contrast to the erase period, 
the surface charge density on the A electrode above the Y electrode increases very much, while that above the X 
electrode does not so much, which is because that the ramp up voltage is now applied to the Y electrode.  
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We can divide the ramp up period into two sub-periods according to the behavior of surface charge distribution. 
The first one may be until the time of 0.91msec. During this sub-period, the change of surface charge distribution 
occurs mainly around the discharge gap. During the remaining second sub period, the surface charge changes 
take place on the whole area of the A and Y electrodes, which results in a large amount of negative surface charge 
on the Y electrode and positive one on the part of A electrode above the Y electrode.  
 
 
Fig. 6. Surface charge distributions during the operation of the discharge cell: (a) ramp erase period, (b) ramp up period, (c) ramp down 
period, (d) address period, (e) sustain period. The driving waveform and the periods are depicted in Fig. 4. 
(c) 
(b) (a) 
(d) 
(e) 
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Variation of surface charge distribution during the ramp down period is shown in Fig. 6 (c). As shown in the 
figure, the density of negative surface charge on the Y electrode decreases and that on the X electrode increases, 
which results in the over all the polarities of surface charges on the X and Y electrode negative. On the address 
electrode side, the positive surface charge density decreases above the Y electrode while increases slightly near 
the discharge gap. It is thought that the decrease above the Y electrode is due to the discharge between the A and 
Y electrode, and the increase near the gap is due to the discharge between the X and Y electrode.  
After ramp down period, the wall voltage between electrodes can be estimated from the surface charge 
distribution at t=1.78ms in Fig. 6 (c). The estimated wall voltage between the A and Y electrode is about 120V 
which is substantial enough to lower the address voltage significantly during the following address period. The 
estimated wall voltage between X and Y electrode is about only 20V which is low enough not to misfire at the 
beginning of next sustain period without address operation.  
Fig. 6 (d) shows the surface charge distributions during address period. The distribution at t=1.78msec was 
that from the ramp reset discharge. When the address pulse is applied to the A electrode (Vy goes to ground at 
the same time) at 1.896ms for 20โ, the surface charge density on the A and Y electrode start to decrease together 
while that on the X electrode does not(t=1.897msec). After the completion of address discharge (t=1.912ms), 
positive surface charges accumulate on the Y electrode and negative ones on the A electrode. An interesting 
feature is that the density of negative surface charge on the X electrode increases very much, which means that 
the X electrode participate in the discharge as an anode during the address discharge as depicted before.  
Fig. 6 (e) shows the surface charge distribution after several of sustain discharges at the beginning of the 
sustain period. After the first sustain discharge (t=2.021msec), the polarities of surface charges are reversed on 
the sustain electrodes and the positive surface charges accumulate on the address electrode over the X electrode 
side. After the second sustain discharge (t=2.032msec), the polarities are reversed again, and the peak density of 
positive surface charge on the Y electrode moves toward appeared near the discharge gap. This is because that 
the sustain discharge is generated between X and Y electrode. The distribution also shows that the peak density 
of the positive surface charge appears closer to the discharge gap than that of the negative surface charge, which 
is understood by the difference of mobility between the ion and electron [6]. The positive surface charge 
distribution on the address electrode saturates after several sustain discharges. 
 
3. Results and Discussion 
We measured the spatiotemporal surface charge distribution using Pockels effect during the operation of PDP 
cell driven with the ramp reset waveform. Dynamic behavior of surface charge changes were measured on each 
of the three electrodes during various important periods and careful analogies were given.  
When a ramp type waveform is applied to the sustain electrode (X or Y electrode), the surface charge variation 
near the discharge gap is more active than outer side, which comes from the fact that ramp type waveform induces 
continuation of multiple, weak discharges which is confirmed around discharge gap. 
Another important feature is that the surface charge distribution is not uniform on the address electrode. 
Moreover, it is shown that the A electrode acts as two different electrodes, One above the X electrode and the 
other above the Y electrode. They show different responses to the same applied voltage during the whole period.  
During the address period, the X electrode also participates in the address discharge. The measurement shows 
that the address discharge starts between the A and Y electrode and then transfers to the X electrode. During the 
sustain period, positive surface charges accumulate on the address electrode, which saturates after several sustain 
discharges and keeps its shape till the end of the sustain period. 
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